Introduction: To assess the impact of using preventive mouthwash agents on the surface hardness of various resins composites.
IntroDuctIon
Composite resins are important materials used for restoration procedures. These materials need long-term durability while performing in oral cavity. 1 However, these materials have some limitations, such as polymerization shrinkage, the necessity for procedures to avoid contact with humidity and chemical ingredients acids, and fluoride particles as a preventive anticaries, which lead to low abrasion strength and decrease in surface hardness. 2 Resin composites are composed of a polymer resin matrix, reinforced nanofillers, and silane coupling agents. These nanocomposites have beneficial esthetic properties as well as better mechanical properties, hence making these composites a material of choice for anterior direct restorations. 3 In clinical scenario, composite resin restorative materials degradation cannot be considered as a sole parameter; instead, it is the result of complex reactions involving various factors. 4 Mouthwash rinses are frequently used as preventive agents and have recently become popular choice in preventing and controlling dental caries and
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979 JCDP periodontal diseases, without the prescription of the dentists. [5] [6] [7] [8] The mouthwashes consist of water, antimicrobial agents, salts, fluoride preventive anticaries agents, and some types of alcohol. 9, 10 Due to variable concentrations of such agents in mouthwashes, pH of mouth is affected. 4 However, the effect of these ingredients on the composite resin polymeric matrix is more susceptible to degradation. [11] [12] [13] As well as the changes in the inorganic phase may affect the materials physical properties, including roughness and the surface hardness. 7, 14, 15 A reduction in the surface hardness with the daily use of preventive mouthwashes containing different types of fluoride anticaries as preventive agents can also affect other properties, such as the wear resistance for the composite resin restoration materials, 16 which may result in increased surface roughness of the material. 17, 18 Some previous studies reported the controversial findings regarding the role of mouthwashes containing fluoride ingredients as anticaries preventive agents on the properties (roughness, hardness) of composite resin materials. 4 Thus, this study is aimed at to investigate the role of mouthwashes containing different types of fluoride ingredients as anticaries agents on the surface hardness of hybrid, microhybrid, and nanohybrid resin-based composite materials, after three times of immersion in mouthwashes at 24, 48, and 72 hours.
MAtErIALs AnD MEtHoDs
Five resin composite restorative materials, Herculite XRV Ultra, Estelite Σ Quick resin-based composite Tokuyama, Z Hermack microhybrid composite, Versa Comp Sultan Universal-hybrid composite, and Empress Direct IPS resin composite Ivoclar Vivadent, were evaluated for their surface hardness in response to four preventive mouthwashes and gels -group 1: Flocare gel (0.4% stannous fluoride), group 2: Pascal gel (topical APF fluoride), group 3: Pro-relief mouthwash (Na fluoride), and group 4: Plax Soin mouthwash (Na fluoride). The esthetic restorative materials and preventive mouthwashes and gels (agents) used in this research study are shown in Table 1 .
Hundred specimens of the esthetic restorative materials were prepared in which five specimens from each restorative composite material of different aging groups were evaluated.
According to the manufacturer's instructions, all specimens of the restorative materials were dispensed, manipulated, and polymerized.
Molds Fabrication
Teflon molds, measuring 6 mm internal diameter and 3 mm height, were used to produce the specimens.
specimens Preparation
Open end of each Teflon mold was placed on a glass microscope slide, overlaid with a cover glass 22 mm × 22 mm (BDH Borosilicate glass) to act as a separator. Their dual function was to provide compaction of the materials into a flat surface and to act as a separator between the mold and the glass microscope slide. The layering technique was used, especially in the preparation of the specimens of the light-activated dental restorative filling materials and compacting with a plastic spatula, after which the restorative filling materials were irradiated with a 20-second pulse from a light-curing light-emitting diode unit. The mold was completely filled with the material using this stepwise method and irradiated at each stage with 20 seconds light pulses. All samples were polished using 3M Sof-Lex discs and stored for 24 hours in the deionized distilled water (37°C) before baseline hardness test. Vickers hardness numbers were determined using a microhardness tester (Micronet 6040, Buehler, USA). 
Immersion of the specimens
The baseline of surface hardness was measured after storing in the distilled water and each specimen was thoroughly rinsed for 120 seconds. The prepared samples were immersed in 100 mL of tested preventive mouthwashes and gels for 24 hours in a dark bottle, which was found to be equivalent to 2 years of daily mouthwash use, 2 min rinse per day, and 12 hours of storage is equivalent to 1 year of rinsing 4 ; therefore, the time periods of immersions in the groups within this study simulate to 2, 4, and 6 years. The specimens of all five tested composite resins were immersed in the four groups, Groups 1, 2, 3, and 4, were stored at 37°C, and were shaken using an orbital rotational table every 3 hours to provide homogeneity. Post each time of immersion for 24, 48, and 72 hours under the same test conditions, samples were rinsed using copious amount of distilled water and dried using absorbable tissue. The surface hardness measurement was taken.
The mean of the obtained results for the tested materials within different storage times is shown in Tables 2  to 5 . The mean was calculated from the specimens of each tested materials immersed with the preventive mouthwashes and gels groups at different interval times.
The mean values of various materials at different immersing times were compared by one-way analysis of variance (ANOVA), and multiple comparisons of mean were performed using Tukey's test and the level of p < 0.05 was regarded as significant.
rEsuLts
The mean hardness values of tested materials immersed in a period of 24, 48, and 72 hours after exposure to different groups of the preventive mouthwashes and gels are summarized in Tables 2 to 5 and Graphs 1 to 4. Comparing the surface hardness values for all the tested materials between the values of the baseline before the immersion in the mouthwashes solutions and gels showed decreased surface hardness after the immersion periods.
The surface hardness of all materials immersed for 24, 48, and 72 hours in the mouthwashes and gels was analyzed statistically using ANOVA followed by the Tukey's test and were found significant differences in surface hardness between the three different immersion periods of times for each group (p < 0.05), except for the Pascal gel group (p > 0.05) ( Tables 2 to 5 ).
The surface hardness changes for all materials in immersion periods of 24, 48, and 72 hours exhibited by the following groups of immersions for the preventive agents -Flocare gel, Pascal gel, Pro-relief mouthwash, and Plax Soin mouthwash -were significantly different except with Pascal gel.
The surface hardness of all the materials immersed in the group 1 Flocare gel with the different periods of immersion times -24, 48, and 72 hours -has decreased, while for the immersion period of 48 hours there was decrease in all the materials except for the materials Herculite XRV Ultra and Versa Comp Sultan, where the surface hardness has increased from the period of 24 hours. In addition, during the period of 72 hours of immersion in this group, all composite materials surface hardness has decreased compared with the period of 48 hours, except the Estelite Σ Quick material which showed shift to increase in the surface hardness compared with the 24 and 48 hours of immersion time. A significant change in hardness was observed in case of all resin composites in this immersion group of Flocare gel (p < 0.028) ( Table 2 and Graph 1).
In the group 2 Pascal gel, all the composite resin materials showed decrease in their surface hardness with the time elapse of 24, 48, and 72 hours, and there was no significant difference (p = 0.689) in materials within the different time elapsed of the Pascal gel immersion group where all the materials had decrease in their surface hardness in the same manner of increased times of immersion (24, 48 , and 72 hours) ( Table 3 and Graph 2) . While, in the group 3 Pro-relief mouthwash, all composite resin materials exhibited decrease in their surface hardness with different times of immersion of 24, 48, and 72 hours within this group, all materials showed significant difference (p < 0.012) between all materials for increasing immersion times (Table 4 and Graph 3).
The group 4 Plax Soin mouthwash shows decrease in surface hardness of all materials, but highly significant differences (p < 0.000) between all the materials of composite resin with increasing immersion times of 24, 48, and 72 hours were observed within this group. The results are shown in Table 5 and Graph 4.
DIscussIon
Mouthwashes have adverse effect on the surface hardness, with respect to the presence of some amount of water in the mouthwashes solutions, 19 which leads to adverse effect of water sorption and softening of material and decreasing hardness. 19 Due to the hygroscopic expansion, there is accumulation of water molecules in the microspaces. Such accumulation of water results in the reduction in the mechanical properties, such as hardness, [20] [21] [22] as well as leaching out component as fillers.
The homogeneous distributions of the fillers in the resin matrix improve the material's functioning in the humid environment. In contrast, voids at filler-matrix interface are likely to enhance water absorption by material. 20 The use of mouthwash rinses may result in a chemical softening that would have consequences on the clinical resilience of composite resins. 23 The nanoclusters of the filler particles reduce interstitial space of the filler particles, which is likely to improve the properties, such as hardness, sorption, and surface roughness. 24 The surface hardness test is important because it may affect the surface properties of esthetics materials and teeth. [25] [26] [27] The strength and rigidity of materials are related to the surface hardness property. 28 Some of the previous studies reported that alcohol-free and alcoholcontaining mouthwashes influences the surface properties (hardness) of resin composites. 23, 29 In this in vitro study, the esthetic composite resin materials of different compositions of hybrid, microhybrid, and nanohybrid, which is resin-based material immersed in the preventive mouthwashes and gels at different interval time elapse of 24, 48 and 72 hours, was found to be equivalent to 2 min/ day for 24 hours for 2 years of daily mouthwash use. 4 Therefore, the time periods of immersions in the groups mentioned within this study simulate to 2, 4, and 6 years. The therapeutic antibacterial and anticarious role of fluoride have been well documented 30, 31 and commonly added to dental restorative materials [30] [31] [32] [33] and various dental care products. 31 All the preventive agents used in this study contain different types of fluoride particles in their composition as preventive ingredients, such as 0.4 stannous fluoride (Flocare gel), APF fluoride (Pascal gel), and Na fluoride (Pro-relief mouthwash, Plax Soin mouthwash). Fluoride particles have adverse effect on the resin matrix of the materials due to the monomers content in the resin matrix and the type of fluoride particles content used as preventive agents. 34, 35 These fluoride particles were used to prevent and control caries as antidecays, which leads to chemical softening and affect the strength and rigidity of the material, thereby decreasing the surface hardness of the composite resin restorations. 36 Low pH of active ingredients of mouthwashes may influence the surface hardness, wear, and color. 7, 23 The acidity may change the polymeric matrixes of composite resin affecting dimethacrylate monomer present in their compositions. 4 The previous study suggested that by lowering the solutions pH, there is production of methacrylic acid that results in the sorption and hygroscopic expansion as a consequence of enzymatic hydrolysis and biodegradation. 4, 15 The findings of this study showed that the hardness of different resin composites prior to (baseline) and after exposure to the four mouthwash rinses and gels for 24, 48, and 72 hours are summarized in Tables 2 to 5 and graphically represented in Graphs 1 to 4. The surface hardness changes exhibited by all the five tested composite resin materials were significantly different for the Flocare gel group, Pro-relief mouthwash, and Plax Soin mouthwash groups (p < 0.05), except for the Pascal gel group whose p-value was > 0.05, during the three time periods. The surface hardness of the five different types of resin-based hybrid, microhybrid, and nanohybrid composite esthetic materials decreased in each immersion agents groups with the increasing time of immersion, except for the group 1 Flocare gel, where the results varied for two materials post 48 hours while for the third material post 72 hours there was shift to increase in surface hardness. The results of group 1 Flocare gel, which contains 0.4% stannous fluoride in their composition as preventive agent (antidecay), at different periods of immersion times of 24, 48, and 72 hours showed decrease for all the materials, except for 48 hours which varied between the materials. The Estelite Σ Quick, Z Hermack, and Empress Direct IPS showed decrease in surface hardness at this 48 hours' time period except for the materials Herculite XRV Ultra and Versa Comp Sultan, where the surface hardness has increased than at the period of 24 hours. While during the period of 72 hours of immersion, in this group, all composite materials were decreased than the period of 48 hours except the Estelite Σ Quick material which shift back to increase the surface hardness than the 24 and 48 hours of immersion time. Statistically analysis showed significant changes of the surface hardness values were observed for the all composite resin materials in this immersion group of Flocare gel with different periods (P < 0.028) ( Table 2 and Graph 1).
In the group 2 Pascal gel, which contains APF fluoride and Na fluoride in their composition as preventive ingredients (anti-decay), all the composite resin materials showed decrease in their surface hardness with the time elapse of 24, 48, and 72 hours. Statistical analysis showed no significant changes in the surface hardness values were observed for all the composite resin materials (P = 0.689) between the materials within the different time elapse of the Pascal gel immersion group, where all the materials showed decrease in their surface hardness in the same manner of increasing times of immersion (24, 48 , and 72 hours) respectively to preventive ingredients (Table 3 and Graph 2) .
While, in the group 3 Pro-relief mouthwash that contains Na fluoride as a preventive ingredients in their composition, all composite resin materials exhibited decreased surface hardness with the increase in different times of immersion of 24, 48, and 72 hours for this group, all treated materials statistically showed significant difference (P < 0.012) between all materials with the increasing times of immersion (Table 4 and Graph 3).
The Group 4 Plax Soin mouthwash contains Na fluoride substance as a preventive active ingredients that result in decrease in surface hardness for all tested materials, and statistical analysis showed highly significant differences (p < 0.000) between all the materials of composite resin and with the increasing times of immersion of 24, 48, and 72 hours within this group (Table 5 and Graph 4).
As in the previous studies finding, it was observed that alcohol-free mouth rinses showed decrease in the surface hardness, containing sodium fluoride as preventive ingredients within the composition of the mouth rinse. 2, 14, 34, 37, 38 It demonstrates that this study findings has agreement with the previous studies. 2, 4, 7, 16, 23, 34, 35 As the immersion time increases, surface hardness decreases because of the increased interaction between the component of the preventive agent and the resin due to enhanced penetration of mouthwash component in the resin. Comparing the in vitro studies to the in vivo, clinically, the effect of the preventive agents on the composite resin restoration materials may differ, whereas the clinical studies may produce better results compared to in vitro studies not considering factors, such as pH of the oral environment, foods, drinks, and oral saliva.
concLusIon
Within the limitations imposed in this study, it can be concluded that the hardness of various composites changed significantly from each other. All types of mouthwash gels and rinses used in this in vitro study affected the surface hardness of the tested resin composites, where the resin composites showed decrease in their surface hardness within the varied times and with the increasing immersion times (24, 48 , and 72 hours), except for the group 1 Flocare gel, which contains 0.4 stannous fluoride preventive ingredients. At the 48 hours of immersion (simulated to 4 years of use of mouthwash) for the Herculite XRV Ultra and Versa Comp Sultan materials, the surface hardness increased than the other immersion times, while Estelite Σ Quick increases at 72 hours.
The APF and Na fluorides, which are preventive ingredients in the other preventive agents groups, showed decrease in the surface hardness for the tested resin composites with the increasing immersion times. The combination between the active ingredients within the mouthwash might increase their adverse effect on the composite resin material. 
